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operations on the thoracoabdominal aorta in eight patients. 
Improvement in the neurologic deficit was observed in all 
patients. The authors postulate that the late neurologic 
deficits result from a compartmental syndrome that is simi- 
lax to postoperative brain edema nd that can be exacerbat- 
ed by postoperative bleeding and hypotension. Of interest, 
three of the five patients whose systolic blood pressures and 
CSF pressures were presented had CSF pressure at or near 
the target level of 10 mm Hg at the initiation of drainage of 
the fluid without demonstrable difference in CSF pressure 
after the drainage. Would these patients possibly have 
improved neurologically even if no CSF drainage had been 
undertaken? None of the five patients was hypotensive at 
the time of onset of the neurologic deficit, and three of the 
patients actually were hypertensive. These observations sug- 
gest that a pathophysiologic mechanism unrelated to CSF 
dynamics may be responsible for delayed neurologic deficits 
after operation on the thoracoabdominal aorta. 
The development of a compartmental syndrome is an 
attractive hypothesis for the abnormalities and responses 
observed, but we are not aware of any clinical or experi- 
mental studies of spinal cord ischemia fter aortic clamping 
that have shown spinal cord edema and the presence of a 
compartmental syndrome. After measurements of compli- 
ance of the CSF space, Piano et al. 1 concluded that 
increased CSF pressure with thoracic aortic occlusion is 
caused by volume changes in venous capacitance beds with- 
in the dural space, and they found that this change in pres- 
sure is not associated with any decrease in compliance. 
We propose an alternative hypothesis for the develop- 
ment of late neurologic deficits after operations on the tho- 
racoabdominal orta. We suggest hat the injury to the 
spinal cord occurs during surgery at the period of aortic 
clamping and that delayed injury represents neuronal cell 
death, perhaps by the mechanism of apoptosis, which may 
have a protracted course when compared with necrosis.2, s 
Thus delayed paraplegia may be programmed into the spinal 
cord from the time of the operation and may not be related 
to postoperative impairment of spinal cord perfusion. We 
and others have demonstrated xperimentally 4 and in the 
clinical settingS, 6 that hypothermia protects the spinal cord 
during periods of aortic clamping. Furthermore, in our clin- 
ical series, we have observed no delayed neurologic deficits. 
Of three patients with neurologic injury (two with paraple- 
gia and one with paraparesis) in a series of 105 patients who 
underwent extensive resections of the descending thoracic 
or thoracoabdominai aorta, the deficit was present on awak- 
ening from anesthesia. Contrary to the observation of Sail 
and colleagues that spontaneous improvement was 
unknown before their study, the patient in our series with 
paraparesis had substantial improvement in neurologic func- 
tion after surgery. 
Nicholas T. Kouchoukos, MD 
Chris K. Rokkas, MD 
Missouri Baptist Medical Center 
3009 N. Ballas Rd. 
Suite 266C 
St. Louis, MO 63131 
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v~ply 
To the Editors: 
We read with great interest he letter by Dr. Kou- 
choukos and Dr. Rokkas that was written in response to 
our article entitled "Observations on delayed neurologic 
deficit after thoracoabdominal aortic aneurysm repair" (J 
Vasc Surg 1997;26:616-22). 
First, we would like to point out that, as the title of 
our article indicates, these observations were made from 
eight cases of delayed-onset neurologic deficit over a peri- 
od of nearly 5 years and include some comments about 
our experience with the management of these deficits and 
our impressions as to cause. If we did not convey the mes- 
sage adequately in the original article, we reiterate here 
that these eight cases do not represent any formal tests of 
hypotheses about the cause of these deficits. We suggest- 
ed in the paper that increased cerebrospinal fluid (CSF) 
pressure might conspire with unstable systemic arterial 
pressure after surgery to produce a compartment-like syn- 
drome that decreases spinal cord perfusion pressure. We 
hypothesized that this decrease might in turn lead to 
ischemic insult to the spinal cord, which could bereversed 
by draining off CSF and decreasing the spinal cord perfu- 
sion pressure. We documented that neurologic status was 
improved in all eight cases after insertion of a CSF drain. 
Kouchoukos and Rokkas began their argument with 
reference to the paper of Piano and Gewertz 1that report- 
ed animal studies of CSF compartment pressure and com- 
pliance in relation to systemic arterial and central venous 
blood pressure. These authors quoted neurophysiologic 
research that described a well-known finding that CSF 
compartmental compliance was correlated inversely with 
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the starting pressure at which the measurements were 
taken. Piano and Gewertz hen presented the results of an 
experiment that showed the opposite of this idea and 
explained the paradoxical finding as a result of a hydraulic 
buffering gradient caused by increased cerebral venous 
capacitance from intravascular volume expansion in one of 
the groups. The authors concluded that perfusion abnor- 
malities that were related to CSF pressure were more like- 
ly to result from a perturbation of the venous drainage on 
the basis of a Starling-like outflow inhibition than from 
inhibition of arterial inflow from a frank compartmental 
syndrome. We concede that this conclusion may well be 
true. We described our hypothesis about the relationship 
between arterial pressure instability and CSF pressure as a 
compartment-like syndrome, but we did not intend to 
suggest hat arterial inflow inhibition was preferential 
mechanically to venous outflow inhibition with respect o 
the determination of spinal cord perfusion pressure. 
Rather we intended to suggest hat in general increased 
CSF pressure relative to arterial blood pressure might 
result in a net decrease in spinal cord perfusion pressure. 
We have difficulty following the argument that compart- 
ment syndrome versus a Starling-like venous resistance 
phenomenon might impugn the overall concept of pres- 
sure-related blood flow restriction and furthermore might 
be important in terms of the practical treatment of late 
neurologic deficits by CSF drainage. 
Kouchoukos and Rokkas, having dispensed in their 
view with the flow/pressure argument, suggested that late 
neurologic deficit was most likely caused by programmed 
(apoptotic) neurocellular death from intraoperative insult. 
This notion is extremely provocative, but the authors did 
not provide much data for support. A reference that was 
cited in support of this contention was a study of neuronal 
necrosis and apoptosis after ischemic injury to the rat 
spinal cord. Dr. Kouchoukos was an author of this study. 2 
The authors of this study stated that "apoptosis was seen 
only between 1and 2 days". Six of the cases that we report 
occurred after the second day, which according to Dr. 
Kouchoukos' own study is beyond the time window in 
which neuronal apoptosis was seen experimentally. 
Although we are not neuroscientists, we are unable to find 
any literature or other support for the concept of long- 
delayed apoptosis, and we believe that this hypothesis at 
least as speculative as our own. Furthermore, if delayed 
neurologic deficit were caused by cell death, either by a 
necrotic or apoptotic mechanism, we have difficulty imag- 
ining that function would return later as occurred in our 
patients. All eight patients had at least 2 Tarlov-point gains 
in their function, and one patient gained from 0 to 5. We 
consider a more plausible explanation to be a transient 
ischemic insult that is alleviated by improved perfusion 
pressure after CSF drainage. 
We are familiar with Dr. Kouchoukos' work and his 
preference for use of profound hypothermia for spinal cord 
protection as opposed to the combination of CSF drainage 
and distal aortic perfusion that we prefer. The argument in 
the letter from Kouchoukos and Rokkas concluded with 
the concept hat profound hypothermia prevents the type 
of neurologic injury that they believe leads to neuronal 
apoptosis. Kouchoukos and Rokkas argued that they had 
never seen a case of delayed neurologic deficit and that 
their experience had yielded only three cases of deficit in 
105 patients with descending thoracic or thoracoabdomi- 
nal aortic aneurysm. This experience was given as evidence 
that profound hypothermia provides superior protection. 
In response, we point to an argument that we have made 
repeatedly about he importance of aneurysm classification 
for interpretation of results. Thoracoabdominal ortic 
aneurysms of Crawford class II are unquestionably the 
most troublesome aneurysms with regard to risk of spinal 
cord morbidity. Kouchoukos and Rokkas did not detail the 
aneurysm classifications of their series of 105 patients, 
which makes the results difficult to assess. In our series of 
125 consecutive descending thoracic or type I thoracoab- 
dominal aortic aneurysms, we have had no immediate neu- 
rologic deficit in patients who were treated with CSF 
drainage and distal aortic perfusion. Alternatively, the rate 
of early neurologic deficit in our experience with type II 
aneurysm has been about 7% with CSF drainage and distal 
aortic perfusion. In the clinical paper that was cited by 
Kouchoukos and Rokkas, 3 no neurologic deficit was 
observed in 13 type II aneurysms. However, the mortali- 
ty rate in this group was 23% (3 of 13). Two of the 
patients died in surgery, and one patient died on the first 
postoperative day. The early mortality rate in the patients 
who are at high risk makes neurologic deficit difficult to 
assess in this small group of patients. We suspect that the 
reason Kouchoukos and Rokkas have not seen any 
delayed eficit is because of the rarity of the disorder more 
than the fficacy of profound hypothermia. We have seen 
fewer than 10 cases in more than 400 operations. 
In summary, we thank Kouchoukos and Rokka for a 
stimulating discussion of the problem of neurologic 
deficit after thoracoabdominal aortic aneurysm repair. 
Although the evidence regarding CSF drainage and 
reversal of late neurologic deficit is not definitive at pre- 
sent, we would not be willing to withhold this treatment 
from any patient with a late deficit. Clearly basic investi- 
gation of spinal cord injury in this setting is needed to 
elucidate the mechanisms and to develop preventive 
strategies. Until the basic science is available, however, 
we will continue to study and learn from our clinical 
experience. 
Hazim J. Sail, MD 
Charles C. Miller, III, PhD 
Baylor College of Medicine 
6550 Fannin, No. 1603 
Houston, TX 77030 
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Regarding "Prospective randomized comparison of  
surgical versus endovascular management of throm- 
bosed dialysis access grafts" 
To the Editors: 
I read with interest he prospective randomized study 
by Dr. Marston et al. (J Vasc Surg 1997;26:373-81) that 
compared the primary patency rates after surgical and 
endovascular management of thrombosed ialysis grafts. 
This paper undoubtedly will be widely quoted. Neverthe- 
less, the ultimate long-term patency rate of a dialysis access 
has far greater clinical importance than the outcome after 
treatment of a single episode of access thrombosis. If the 
authors believe that radiologic intervention is an inappro- 
priate delay, as suggested by one of the discussants, they 
must prove that repetitive surgical thrombectomy with or 
without revision provides a better patency rate for an 
access than repetitive percutaneous thrombolysis with or 
without angioplasty. A prospective randomized trial would 
require a comparison of the secondary patency rate of a 
repetitive percutaneous treatment arm with a treatment 
arm that used only repetitive surgical thrombectomy with 
or without revision. The surgical arm of such a study 
would have to provide a longer duration of secondary 
patency than the pereutaneous treatment arm to justify 
surgery for all patients with clotted dialysis grafts. This 
outcome is unlikely. In fact, Beathard 1 demonstrated a sig- 
nificant decrease in thepercentage of patients with throm- 
bosis who required graft replacement after surgery was 
replaced by percutaneous therapy as the primary treatment 
method in his dialysis population. 
Proponents ofpercutaneous therapy cite the following 
advantages: vein preservation for a future access or a revi- 
sion of the current access} ability to treat repetitively with 
percutaneous means without detriment to immediate out- 
come} decreased success of repetitive surgical salvage, 3 
decreased need for temporary central catheters because of 
ready availability of angiography suites as compared with 
operating rooms, and prior knowledge of the underlying 
anatomy from previous contrast studies when surgery 
becomes necessary. 2 All dialysis grafts ultimately will fail 
again regardless of the treatment method. The ideal study 
would compare treatment algorithms, combinations of 
percutaneous and surgical treatments hat depend on the 
lesion location or the graft type. 
The authors are to be commended for proving a theo- 
ry that many surgeons and interventional radiologists have 
believed for a long time: surgical revision or patch angio- 
plasty result in better primary patency rates (no further 
treatment) than balloon angioplasty of a diseased vein. 
Nevertheless, completely ignoring the other benefits of 
percutaneous therapy and discarding the results of previ- 
ous studies is premature and contrary to the opinion of the 
multidisciplinary work group for the Dialysis Outcomes 
Quality Initiative of the National Kidney Foundation. 4 
Richard Gray, MD 
Member, SCVIR 
Washington Hospital Center 
110 Irving St., NW 
Washington, DC 20010-2975 
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Reply 
To the Editors: 
We read with great interest he comments of Dr. Gray 
that concern our recent study} and we appreciate an oppor- 
tunity to respond. Dr. Gray states: "the ultimate long-term 
patency rate of a dialysis access has far greater clinical impor- 
tance than the outcome after treatment of a single episode 
of access thrombosis." We agree. However, the cost 
required to preserve the access has great importance, and so 
the number of procedures required and the results expected 
with each procedure are equally important data. 
Few prospective data have been produced in this area, 
and a number of questions hould be addressed with ran- 
domized trials. The first question should address the pri- 
mary patency rate after procedures that are used to salvage 
thrombosed ialysis access hunts. In our patient popula- 
tion, surgical procedures provided a longer duration of pri- 
mary patency. We agree that the use of repetitive proce- 
dures for maintenance of access patency isan important but 
separate question that we hope will be answered with 
another prospective trial. A multicenter trial would be 
preferable because the results from a single-center p ospec- 
tive trial such as our trial can apply only to similar patient 
populations. However, retrospective studies that use his- 
toric controls, such as the referenced study from Beathard, 
can show good results with a technique in a given patient 
population but cannot show proof of the comparative 
worth of different echniques as was suggested. 
